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ALTITUDE-WIND -TUINEL INVESTIGATION OF WESTINGHOUSE

18B~2, 19B-8, AND 19%XB-l JET-~FROPULSION ERGINES
IIY - PERFORMANCE AND WINDMITLING DRAG CHARACTERISTICS
By William A. Fleming and Robert O. Dietz, Jr.

SUMMARY

The performence characteristics of the 19B-8 and 19XB-l turbojet
engines and the windmilling drag characteristice of the 19B-8 englnse
were determined 1n the NACA Cleveland altitude wind tummel. 'The
198 engline is one of the earliest experimental Westinghouse axial-
flow engines. The 19%B-1 englne is an experimental prototype of the
Westinghouse 19¥B series, having a rated thrust of 1400 pounds.
Improvements in performence and operational charscteristice have
resulted in the 19XB-2B englne with a rated thrust of 1600 pounds.
The investigatlons were corducted on the 19B-8 englne at simmlated
altitudes from 5000 to 25,000 feet with various free-stream ram-
rressure ratios and on the 1SXYB-1l engine at simulated altitudes from
500 to 30 5000 feet with approximately static free-stream conditions.

Data for these two engines are presented to show the effect of
altitude, free-stream rem-pressure ratio, and taill-pipe-nozzle area
on engine performence. A Z2l-percent reduction in tail-plipe-nozzle
ares of the 19B-8 engine increased the Jet thrust 43 percent, the
net thrust 72 percent, and the fuel consumption 64 percent. An
increase 1n free-stream ram-pressure ratio raised the Jet thrust and
the air flow and lowered the net thrust throughout the entire range
of engine speeds for the 19B-8 engine. A%t similer operating condi-
tions, the corrected Jet thrust and corrected alr flow were spproxi-
mtely the same for both englnes, and the corrected specific fuel
consumption based on Jet thrust was lower for the 19XB-1 engine than
for the 19B-8 englne. The thrust and air-flow data obtained with
both engines at verious altitudes for a given free-stream ram-
tressurs ratio were generalized to standerd sea-level atmospheric
corfliitions. The performsnce parameters involving fuel consumption
generalized only at high engine speeds at simiated altitudes as
high as 15,000 feet. The windmilling drag of the 19B-8 englins
increased rapidly as the ailrspeed was incrensed.

LINCLASSIFIED
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INTRODUCTION

Investigations were conducted in the NACA Cleveland altitude
wind tunnel_during Octcober and Hovember, 1944, to determine the
verformence and operational characteristics of the 1SB-2, 19B-8,
and 19XB-1 turbolet englnes. Operationsl charascteristics of all
three engines are presented in reference 1 and the performance char-
acteristics of the turbline in the 19B-8 engine are presented in
reference 2. Performance characteristlics of the 19B-8 end 19XB-1
turbojet englines over a range of simuwlated flight conditions are
presented herein. Data for the 19B-2 engine are omltted because it
18 an earliler production model of the 19B-8 englne.

The effects of altitude, free-stream ram-vressure ratlo, and
tell-pipe-nozzle ares on englne performance are shown. The perform-
ance data are generalized to show the applicability of methods used
to determine performsnce at any altitude from runs at a glven
altitude. Windmilling drag charscteristics of the 19B-8 engine are
also presented.

Resulis are shown for the 19B-8 engline at similated altitudes
from 5000 to 25,000 feet at free-gtream ram-pressure ratlos up to
1.155 and for the 19XB-l englne at similated altlitudes from 5000 to
30,000 feot at free-stream ram-pressure ratlos below 1.0l.

DESCRTPTTION OF ENGINES

19B-8 engine. - The 19B-8 turbojet sngine has a static sea-
level reting of 1365 pounds of thrust at an engine speed of
17,500 rym. At this rating the engine has an slr flow of 28 pounds
per secord and a fuel consumption of approximately 1800 pounds per

hour. The over-all length of the engine 1s 104%'- inches with the

ad Justable tall cone extended; the maximm dlameter is 20—2 inches
and the total weight is 825 pounds. The maximum diameter does nob
Include the accessory group mounted on the front bearing support
at the compressor inlet.

™is engine has a six-stage axial-flow compressor, an annular-
type combustion charber, and a sgingle-stage turbine. Fuel is
injected downstream into the combustion chember through 24 nozzles
mounted clrcumferentially in the manifold at the forward end of the
combustion chamber. The gases leaving the turbine pass through a



NACA RM No. E8J28Db ) . 3

tail plpe equipped with a movable lmmsr cone, which has a total

axiel travel of 5 inches. When the inner cone 1ls moved from the
"in," or forward, posltion to the "4-inches-ocut" position, the tall-
pipe-nozzle area is decreased from 135 to 106 sgquare linches. The
change in area is nearly linear with respect to the travel of the
tail cone..

In order to cool the oll for lubrlcating the englne bearings
and accessory drive, a cylindrical oil cooler 2 feet long with an
inside dlameter of 14 Inches 1s abtached to the front of the engins.
The inmer wall of the cylinder provides the heat-exchanger surface
for the oll.

19XB-1 engine. - The 19XB-1l turbojet engine 1s a modification
of the 19B-8 engine that contelins a ten-stege axisl-flow compressor
and has the same over-all engine dimensions. The tall pipe has a
fixed Inner cons and the teil-plpe-nozzle area is 103 sguare inches.
The 19XB-1 engine has a sea-level ratling of espproximately 1400 pounds
gtatic thrust at a rated engine speed of 18,500 rpm. At this rating
the air flow is 29 pounds per second and the fuel consumption is
approximately 1600 pounds per hour.

IISTATTATION AND PROCEDURE

Each engine was Ingtalled In a nacelle mounted under a stub
wing that extended from one side of the 20-foot-diameter test sec-
tion of the wind tumnel. (See fig. 1l.) The engine air was admitted
at the front of the nacellie, and a small duct beneath the leadling
edge of the wing admitted elr to cool the oubter wall of the combus-
tion chamber and the tall pipe. For the runs at approximetely static
conditions, when the free-stream ram-pressure ratio was below 1.01,
the part of the cowling enclosing the tail pipe and the rear of the
combustion chanber wes removed because the cooling-alr flow through
the cowling was inadequste.

Survey rekes were installed at several stations in the engine
(fig. 2) in order to obtain temperature end pressure measuremsnts
from which the component end over-all performance of the engine
could be determined. The methods used to calculats performance
parameters are presented in the appendix.

Throughout the part of the investigation discussed, a 6-mesh
screen of 0.032-inch-dlemeter steel wire was attached to the front
flange of the oll cooler to protect the compressor from flying
objects in the tunnel. -
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The 19B=-8 engine was operated at simlated altitudes from 5000
to 25,000 feet with free-streeam ram-pressure yatlos up to 1.155; and
the 19%B-1 engine, from 5000 to 30,000 feet at approximately static
free-atream conditions. The tumsl temperature was held at approxi-
mately WACA standard values for each flight condition. At each
simlated flight condition, the englne was run over the full range
of operable engine speeds. The fuel specified for these engines,
62~-octane unleaded gasoline, was used.

During the investligation, the combustion chambers were modlified
several times (see reference 1) in sn attempt to increase the
operating renge of the englines at high altitudes. Because none of
the modifications made any significant improvement in the operating
range of the engine, sll the date presented are for the engines with
the standard combustion chawmbers as received from the manufacturer.

SYMBOLS

The following symbols are used in thls paper:

A croes-gectional area, square feet

B thrust-scale reading, pounds

Cp installation drag ‘coefficient

Cp specific heat of gas at constent pressure, Btu per
pound °R .

D windmilling drag, pounds

F;} Jet thrust, pounds

¥, net thrust, pounds

f/a fuel-air ratlo

& acceleration of gravity, 32.2 feet per secord per second

J mechanical equivalent of heat, 778 foot-pounds per Btu

m mase flow, slugs per secornd

engine speed, rpm
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We/Fn

Wr/thp

total pressure, pounds per square foot absolute
gtatic pressure, pournds per square foot absolute
gas constant, 53.4 foot-pounds per pound °R
wing area, square feet

total temperature, or

indicated temperature, °R

static temperature, R

net thrust horsepower

velocity, feet per second

velocity, miles per hour

~air flow, pounds per second

fuel consumption, pounds per hour

specific fuel comnsumptlion based on Jet thrust, pounds
per hour pound thrust

specific fuel consumption based on net thrusit, pounds
per hour pound thrust

gpecific fuel consumpiion based on net thrust horse-
powsr, pounds per hour per thrust horsepower

ratio of specific heats for gases

ratio of absolute tunnel statlc pressure to absolute
statlic pressure of NACA starndard atmospheric con-
ditions at sea level, pp/2116

ratlo of absolute tunnel static terperature to
abgolute static temperature of NACA standard
atmospheric comditions at sea level, t/519

mass density, slugs per cublc foot



Subgcripts:

0
1
2
5

The following performance parameters generalized to NACA standard

ailr

fuel

gas

stetion at which statlc pressure In jJet reaches ambilent
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static pressure

amhient free stream

cowl inlet

compressor inlet

turblne outlet

atmospheric condltions at sea level were used:

D/
FJ/ﬁ

Fp,/8
(£/a)/e

N/ 4fe
vio/ve
W, /5
W/ (3 4/8)
Wf/(qufé)

W/ (Fp4/6)

We/thp

corrected
corrected
corrected
corrected
corrected
correctoed
corrected
corrected

corrected

windmilling drag, pounds

Jet thrust, pounds

net thrust, pounds

fuel-air ratio

engline speed, rpm

true alrspeed, tilles per hour
alr flow, pounds per second

fuel consumption, pounds per hour

specific fuel consumpiion based on Jot thrust,
pounds per hour per pound thrust

corrected specific fuel consumpiion based on net thrust,
pourds per hour per pound thrust

corrected specific fuel consumption bamed on net thrust

horsepower, pounds ver hour per thrust horsepower
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PERFORMANCE CHARACTERTSTICS
Effect of Inlet Screen

The screen installed at the cowl inlet for the wind-tunnel
investigation caused a total-pressure loss between the free stream
and the compressor inlet that varied with the corrected englne
speed. The ram-pressure ratlos used in this report are based on
measurenmsnts of free-stream Lotel pressure instead of compressor-
inlet total pressure. Because the tunnel-test sectlon alrspeed was
used to calculate net thrust and net thrust horsepower, the engine-
performance characteristics lnvolving these parameters were slightly
affected. The relation between corrected engline speed and the ratio
of compressor-inlet totael pressure to fres-stream total pressure 1s
shovn in figure 3. The curve shown In this Figure was determined
from date obtalned throughout the entlre range of flight condltions
Investlgated. The compressor-inlet ram-pressure ratio at any engine
speed may be obtalned for the date presented by multiplyling the
freos-gtream ram-pressure ratlic by the value of PB/PO obtained from
Tlgure 3 for the corresponiing corrected engine speed.

Effect of Altitunde

19B-8 engine. - The 19B-8 englne performance at similated
altitudes of 5000, 15,000 and 25,000 feet, a free-stream ram-
Pressure ratio of 1.013, and wilith & tall-pipe-nozzle ares of
135 square inches, 1s shown in figure 4. Because of the high min-
imm speed of the englne at altitudes above 17,000 feet (refer-
ence 1), no data could be shown for an engine speed below
15,500 rpm at an altitude of 25,000 feet. The variations in jet
thrust, net thrust, fuel consumption, alr flow, and specific fuel
consumptlon based on net thrust with increasing altitude ars shown
in figures 4(a) and 4(e), respectively.

Above an engine speed of 13,000 rpm the fuel-air ratlos at
similated altitudes of 5000 and 15,000 feet were the same (fig. 4(f)).
At an albitude of 25,000 Peet, however, the fuel-ailr ratio through-
out the entlire operable range of the engine was higher than at
5000 and 15,000 feet. The high fuel-alr ratio obtained at
25,000 feet was probably related to the reduction in combustion
efficiency. A low combustion efficiency at a similated altitude of
25,000 feet was indicated by the narrow operating range of the
engine as limited by combustion dlow-out. At engine speeds below



8 NACA RM No. ES8J26b

135,000 rpm, the increese in fuel-air ratio at an altitude of
15,000 feet sbove that at S000 feet wee also caused by the reduction
in qomhustion efficlency that accompenied an increase in altitude.

19XB-1 no. - The 19XB-1 engine performence at approximately
gtatic ¢ tions (free~stream ram-pressure ratio less than 1.01)
and similated altitudes of 5000 to 30,000 feet is shown in figure 5.
Maximum engine speed was lindted by high teail-pipe temperatures and
gbove an eltitude of 15,000 feet the minimmm engine speed began to
increase. The reduction 1n Jet thrust, fuel consumption, and air
flow that resulted from an increase in altitude, 1s shown in
Pigures 5(a) to 5(c), respectively. No net-thrust curve is presented
Inasmch as these data were cbtalned at spproximetely static condi-
tions where the Jet and net thrusts are equal. Variation of specific
fuel consumption baged on Jet thrust with altitude and englne speed
is shown in figure 5(d). For high englne speeds, the specific fuel
consumption weas slightly hlgher at altitudes of 25,000 and
30,000 feet than at the lower altitudes. The effect of altitude on
the relation between engine speed and fuel-alr ratio is shown in

Pigure 5(e).

Effect of Rem-Pressure Ratlo

The effect of varylng the free-stream ram-pressure ratio from
1.012 to 1.155 throughout the operable speed range of the 198B-8
engine with & tall-plpe-nozzle area of 106 square inches at an
altitude of 15,000 feet 1s presented in figure 6. The maximm
engine speed obtainable with the tail cone 4 inches out (tail-pipe-
nozzle area, 106 sq in.) was limited to about 16,500 rpm by high
tell-pipe temperatures. Increasing the ram-pressure ratio raised
the Jet thrust (fig. 6(a)) and the air flow (fig. 6(c)) and lowered
the net thrust (fig. 6(b)) throughout the entire range of engine
gpeeds. At all engine speeds below 16,500 rpm the fuel consumption
was lowered as the ram-pressure ratio was increased (fig. 6(d)).

At low englne speeds, the specific fuel consumption based on
net thrust increased as the ram-pressure ratio was ralsed from 1.012
to 1.155 (fig. 6(e)). Above a speed of 14,000 rpm, however, the
specific fuel consumption increased only for a change In rem-
mressure ratio from 1.012 to l.122. The specific fuel consumption
based on net thrust horsepower decreased with lncreasing ram-

ssure ratio throughout the entire range of engline speeds

fig. 6(f)). At an englne speed of 16,500 rpm, the specific fuel
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PERFORMANCE CEARACTERISTICS
Effect of Inlet Screen

The screen installed at the cowl inlet for the wind-tunnel
investigation caused a total-pressure loss between the free stream
and the compressor inlet that varied with the corrected engine
speed. The ram-pressure ratlos used in this report are based on
mpasurements of free-stream total pressure instead of compressor-
inlet total pressure. Because the tunnel-test section alrspeed was
used to calculate net thrust and net thrust horsepower, the engine-
performance characteristics involving these parameters were slightly
affected. The relation between corrected englne speed and the ratio
of compressor-inlet total pressure to free-stream total pressure ls
showvn in figure 3. The curve shown in this figure was determined
from date obtained throughout the entlre range of flight condltions
investigated. The compressor-inlet ram-~pressure ratio at any engine
gspeed may be obtained for the date presented by mltiplyling the
free-stream ram-pressure ratlo by the value of Py/P, obtained from
Pigure 3 for the corresponding corrected englne speed.

Effect of Adltitude

19B-8 engline. - The 19B-8 englne performance at simlated
altitudes of 5000, 15,000 and 25,000 feet, a free-stream ram-
pressure ratio of 1.013, and with s tail-plpe-nozzle area of
135 sguare inches, 1s shown in figure 4. Because of the high min-
imm speed of the engine at altitudes sbove 17,000 feet (refer-
ence 1), no data could be shown for an engine speed below
15,500 rpm at an altitude of 25,000 feet. The varlations in Jet
thrust, net thrust, fuel consumption, elr flow, and specific fuel
consumptlion based on net thrust with incressing altitude are shown
in figures 4(a) and 4(e), Xespectively.

Above an engine speed of 13,000 rpm the fuel-gir ratios at
gimilated altitudes of 5000 and 15,000 feet were the same (fig. 4(f)).
At an altitude of 25,000 feet, however, the fuel-alr ratio through-
out the entire operable range of the engline was higher then at
5000 and 15,000 feet. The high fuel-air ratio cbtained at
25,000 fest was probably related to the reduction in combustion
efficiency. A low combustlon efficlency at a simisted altitude of
25,000 feet was indlcated by the narrow operating rangs of the
engine as limlted by combustion blow-out. At engine speeds below
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13,000 rpm, the increese in fuel-air ratio at an eltitude of
15,000 feet above that at 5000 feet was also caused by the reduction
in combustion efficiency that accompanied an increase in altitude.

19XB-1 engine. - The 19XB-l engine performence at approximately
static ¢ tions (free-stream rem-pressure ratio less than 1.01)
and similated altitudes of 5000 to 30,000 feet is shown in figure 5.
Maximm engine speed was limited by high taill-pipe temperatures and
above an altitude of 15,000 feet the minimmm engine speed began to
increese. The reduction in Jet thrust, fuel consumption, end ailr
flow that resulted from an increase in altitude, is shown in
figures 5(a) to 5(c), respectively. No net-thrust curve 1s presented
Inasmch as these data were obtained at approximetely static condi-
tions where the Jet and net thrusts are equal. Variation of specific
fuel consumption based on jet thrust with altitude and englne speed
is shown in figure 5(d). For high englne speeds, the specific fuel
consunption was slightly higher at altitudes of 25,000 and
30,000 feet than at the lower altitudes. The effect of altitude on
the relation between engine speed and fuel-alr ratio is shown in
flgure 5(e).

Effect of Ram-Pressure Ratio

The effect of varying the free-stream ram-pressure ratio from
1.012 to 1.155 throughout the operable speed range of the 19B-8
englne with a tall-pipe-nozzle ares of 106 square inches at an
altitude of 15,000 feet 1s presented in Ffigure 6. The maximm
engine speed obteinsble with the tail cone 4 inches out (teil-pipe-
nozzle ares, 106 sq in.) was limited to about 16,500 rpm by high
taill-pipe temperatures. Increasing the ram-pressure ratio raised
the Jet thrust (fig. 6(a)) and the air flow (fig. 6(c)) and lowered
the net thrust (fig. 6(b)) throughout the entire range of engine
speeds. At all engine speeds below 16,500 rpm the fuel consumption
was lowered as the ram-pressure ratioc was increased (flg. 6(d)).

At low engine speeds, the specific fuel consumption based on

net thrust increased as the ram-pressure ratio was raised from 1.012
to 1.155 (fig. 6(e)). Above a speed of 14,000 rpm, however, the
specific fuel consumption incressed only for a change in ram-
Iressure ratio from 1.012 to 1.122. The specific fuel consumption
based on net thrust horsepower decreased with increasing ram-

ssure ratio throughout the entire range of engine speeds
fig. 6(f)). At an englne speed of 16,500 rpm, the specific fuel
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consumption based on net thrust Increased from 1.51 at & ram-
rressure ratio of 1.012 to 1.62 at a ram~pressure ratio of 1.155
(fig. 6(e)}) and the specific fuel conswmption based on net thrust
horsepower deecressed from 5.25 to 1.85 for a correspondling increase
in ram-pressure ratio (fig. 6(f)). The relation between specific
fuel consumption based on net thrust and net thrust is shown In

figure 6(g).

The fuel-air ratio (fig. 6(h)) was reduced throughout the
entire range of engine operation as the rem-pressure ratlo was
increased.

Effect of Tall-Pipe-Nozzlse Ares on Performance

The effect of a 2l-percent reductlon in H=ll-pipe-nozzle area
(from 135 to 106 sq in.), which was obtained by moving the tail
cone from the in positlion to the 4-Inches-out position, on the
performance of the 19B-8 engine at a free-stream ram-pressure ratio
of 1.13) and at a slmlated alititude of 10,000 feet, is shown In
figurs 7. With a tall-pipe-nozzle area of 106 square inches, the
maximm engine speed was limited to 16,500 rpm by the turbine-inlet
temperature (1500° F). The reduction in tall-pipe-nozzle area
increased the Jet thrust (fig. 7(a)), net thrust (fig. 7(b)), and
fuel consumption (filg. 7(c)) and lowered the air flow (fig. 7(d))
throughout the range of englne speeds. AL an engine speed of
16,500 rym, the reduction in nozzle area increased the jet thrust
43 percent (fig. 7(a)), the net thrust 72 percent (fig. 7(b)), amd
the fuel consumption 64 percent (fig. 7(c)).

Throughout the range of engine speeds, the specific fuel con-
sumption based on net thrust (fig. 7(e)) and the specific fuel
consumption based on net thrust horsepower (fig. 7(f)) were lower
wilth a tail-pipe-nozzle area of 106 square inches than with an
area of 135 square inches. At an engine speed of 16,500 rpm, the
specific fuel consumption based on net thrust was approximately
6 percent higher wilth a tail-pipe-nozzle area of 135 aquere inches
then with an area of 106 square inches. Changing the tail-plpe-
nozzle ares had no effect on the relatlon between the specific fuel
congumption based on net thrust and the net thrust (fig. 7(g)).

) The reduction In tall-pipe-nozzle srea increased the back
pressure on the turbine and as a result the engine required a higher
turbine-inlet temperasture, that 1s, a higher fuel-air ratio to main-
taln a given engine speed. The increase in fuel-air ratio resulting
from a reduction in tail-pipe-nozzle area is shown in figure 7(h).
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GENERALIZED PERFORMANCE

The concept of flow similerity and the application of dimen-
slonal analysis to the performence of turbojet engines has led to
the development of the pressure and temperature reduction factors &
and © with which data obtalned at several altitudes may be gener-
alized. Data thus far presented that were obtained at various alti-
tudes and free-stream ram-pressure ratios are generslized to NACA
standerd conditiona at sea level in order to test the applicability
of the factors & and 6 +to the performence of the 19B-8 and 19XB-1
turbojet engines.

Application of the factors & and 6 give the following gen-~
eralized performance veriables: corrected englne speed, N/ A/6;
corrected Jot thrust, F4/5; corrected net thrust, TF,/56; cor-
rected air flow, (wa\/é'i’/a, corrected fuel consumption, We/(54/8);
corrected specific fuel consumption based on jet thrust, W 7(ij 3
corrected specific fuel consumption based on net thrust, W‘g/ (FL4/0) ;
corrected specific fuel consumption based on net thrust horsepower 3
We/thp; and corrected fuel-air ratio, (f/a)/e.

The generalized performance variables that contsin fusl con-
sumptlion exclude the effects of variations in combustion efficlency,
vhich 1s a component of the factor of thermal expansion of the
working fluid included in the dimensional analysis. This exclusion
admittedly lessens the possibilities of successfully generalizing
the data in cases where the combustion efficiency changes.

The effect of altitude on the generaslized performance of the
19B-8 and 19XB-1 engines is shown in figures 8 and 9, respectively.
The corrected Jet thrust (figs. 8(a) and 9(a)), the corrected net
thrust (fig. 8(b)), end the corrected air flow (figs. 8(c) and 9(b))
goneralized to a single curve for each engine. The parameters
involving fuel consumption, thet is, corrected fuel consumption
(figs. 8(d) and 9(c)), corrected specific fuel consumption
(figs. 8(e), 9(d), and 9(e)), and corrected fuel-air ratio
(figs. 8(g) and 9(f)), generalized only in the upper range of engine
speeds for similated altitudes as high as 15,000 feet.

Performance data obtained at various ram-pressure ratios did
not generalize to & single curve inasmuch as the factors & and 6
are not meant to correct for the changes in cycle efficlency that
accompany varlations in rem-pressure ratios. The effect of ram-
pressure ratlo on the generalized performance of the 19B-8 engine
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is shown in figure 10. The performance parameters involving cor-
rected jet thrust (fig. 10(a)), corrected net thrust (fig. 10(b)}),
corrected air flow (fig. 10(c)$ s corrected fuel consumption

(f1g. 10(d)}, corrected specific fuel consumption based on net
thrust (figs. 10(e) and 10(f)), specific fuel consumption based on
net thrust horsepower (fig. 10(g)), and corrected fuel-air ratio
(fig. 10(h)) produced a family of curves for various free-stream
ram-pressure ratios.

In the use of generalized performance curves, the effect of
ram-pressure ratic on engine performance at various altitudes can
be determined only by use of the entire family of curves. It is
Impossible to predict the performence parameters involving fuel
consumption at low engline speeds or at high altitudes because the
effects of varying corbustion efficlency are exclunded from the
factors used in thls report.

A comparison of generalized performence data of the 19B-8 and
1SXB-1 engines at a corrected engine speed of 17,000 rpm is pre-
sented in the following table:

no
19B-8 | 19XB-1

ffail-plpe-nozzle aresa, sq in. 106 103
Corrected engine speed, N/Af6, rpm 17,000 | 17,000
Corrected Jet thrust, FJ/S, ib 1370 1375
Corrected air flow, Wg1/6/8, 1b/sec 27.0| 26.5

Corrected fuel consumption, Wg/84/8, 1b/hr 1965 1825
Corrected specific fuel consumption based on 1.435| 1.328

Jet thrust, wf/(FJ,\/m, 1/ (kr)(Ib thrust)
Corrected fuel-air ratio, (£/a)/e 0.0202 | 0.0192

bata presented in this table were cbtained from figwre 9 for
the 19XB-l engine at static conditions and from figure 10 for the
19B-8 engine at a free-stream ram-pressure ratio of 1.0l2. Ab
static condltions, the ejector effect of the Jet produced a velocity
in the tunnel test section at a maximm engine speed equivalent to
a free-gtream ram-pressure ratioc of approximately 1.012. For the
conditions given in the table, the compressor-inlet ram-pressurs
ratio for both engines was 0.938. QGeneralized dats are used because
the inlet-air temperatures were different for the two englines.
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The corrected jJet thrust and the corrected alr flow of both
engines at a corrected englne speed of 17,000 rpm were approximately
the sames. The corrected specific fuel consumption based on Jet
thrust was lower for the 19XB-l engine than for the 19B-8 engline.

WINDMILLING DRAG

The magnitude of the windmilling drag obtained when an engine
18 inoperative and is allowed to windmill during fiight is equal to
the change of momentum of the air as 1t passes through the englne.
A 1imited amount of windmilling drag data was obtalned for the 19B-8
engine at simleted altitudes from 5000 to 30,000 feet and tunnel-
test-section alrspeeds from 176 to 373 miles per hour with the
gscreen lnstelled at the cowl inlet. Generaliliged values of wind-
milling drag (fig. 11(a)) show that the windmilling drag increased
repldly as the corrected true airspeed was increased. A single
curve was drawn through the genersalized wvalues obtained at various
altitudes. The relation between the ratio of windmilling drag to
the maximm net thrust obtalnable with a tall-pipe-nozzle area of
135 square inches and the tumnel-test-section true airspeed is shown
in Pigure 11(b). 'These data show that at any altitude the wind-
milling dreg of the engline at an ailrspeed of 200 miles per hour was
2.5 percent of the maximm net thrust obteinable at this sirspeed
and thet at an alrspeed of 375 mlles per hour the windmilling drag
was 11 percent of the maximm net thrust obtainable at this alr-
speod. 'The generalized values of alr flow obtalned with the engine
windmilling (fig. 11(c)) fell on a single curve for all altitudes
investigated. :

SUMMARY OF RESULTS

From an investligation in the Cleveland altitude wind tummel of
the performence characteristlcs of the 19B-8 and 19%B-l1 turbojet
englnes and the windmilling drag characteristics of the 19B-8
engine, the followlng results were obtained:

l. A reduction in tall-pipe-nozzle area of the 19B-8 engine
from 135 to 106 square inches at a similated altitude of 10,000 feet
and & free-stream ram-rressure ratio of 1.131 gave an increase in
Jet thrust, net thrust, and fuel consumption with a reduvction in air
flow and specific fuel consumption based on net thrust throughout
the entire range of engine speeds. This reduction in tail-pipe-
nozzle area at an engine speed of 16,500 rpm raised the jJet thrust
43 percent, the net thrust 72 percent, and the fuel consumption
64 percent.
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2. With a tall-pipe-nozzle area of 106 sguere inches on the
19B-8 englne, an lncreese in free-stream ram-pressure ratio from
1.012 to 1.155 at & simlated altitude of 15,000 feet ralsed the Jet
thrust and air flow and lowered the net thrust throughout the entire
renge of engine speeds. The fuel consumption was lowered at a1l
englne speeds below 16,500 rpm.

3. At simller operating condlitlions, the corrected Jet thrust
and the corrected air flow were approximately the sams for both
engines and the corrected specific fuel consumption based on jJet
thrust was lower for the 19XB-l englne than for the 19B-8 ‘englne.

4. With the ume of generslizing pressure and temperature
factors Jet-thrust, net-thrust, and air-flow data obtained from
both the 19B=~8 and 19XB-1 englnes at a given ram-pressure ratio and
tall-pipe-nozzle area, and at any altitude could be used to estimate
the performance of the engines at any other altitude. The perform-
ance paramsters involving fuel comsumption generslized only at high
engine speeds at simdated altitudes up to 15,000 feet. Above this
altitude these parameters dld not generalize at any englne speed.

S. The windmilling drag of the 19B-8 englne while it was
Inoperative amounted to 2.5 percent of the maximm net thrust of the .
engine at an alrspeed of 200 miles per hour, and 1l percent of the

" maximam net thrust of the engine at an airspeed of 375 miles per hour.

Tewls Flight Propulsion Iaboratory,
National Advisory Committee for Aeronautics,
Cleveland, Chlo.
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APPENDIX - METHODS OF CALCULATTON

rature. - A sample thermocouple of the type used was cali-
brated cold upy to a Mach number of 0.8. This callbration showed the
thermocouple measured the static temperature plus epproximately
85 percent of the adlabatic temperature rise due to the impact of.
the air on the thermocouple. Static bempersture may be determined
from indlcated temperature by applying this factor to the adiabatic
relation between temperature anmd pressure:

Ty
i 2L
P\ 7
l +- 0.85 ('—) - l
P
and the total temperature is
2=
o ()7
T = ER
ydoet

Py 7
l + 0.85 ("-) - l
P

In order to determine the static temperature of the jJet, the
asgunption was made that no loss occurred in totel temperature or
total pressure between station 5 in the tall plpe and station J in
the Jet. When this assumption is made, the static temperature in
the Jet 1s

Is

J
73
(=
Po
The ‘tunnel-test-gectlon static temperature was determined from
the indiceted temperature measured 1n the large section of the
tummel Just shead of the test sectlon. Because the velocity in the
large section of the tumnel was very low, the indlicated temperature

measured in the large section is equal to the test-sectlon total
temperature. The static temperature in the test section then 1s

750
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To
0~ 7o~

(2)"
2o

Tunnel-test-section veloclity. - The tunnel-test-sectlion
velocity was obtalned from

70~1

70
Po
Vo = ZchPtc’(i’; -1

~ Alr flow. - The alr flow through the engine was determined
from pressure and temperature measurements obtalined with four
survey rakes at the cowl ilnlet (station 1, fig. 1). The equation
used to calculate the air flow 1s

71"‘1

P4y |27 gop |(P1\71 o1
R o [\

We =P1 A4V, 8=

Thrust and windmilling drag. - Two methods were used to cel-
culate the jet thrust. For the tests at approximetely static
conditions when the tunnel-test-section veloclty was low, the
thrust was measured directly on the balance scales. The external
drag of the nacelle and the 1nitlal momentum of the inlet air were
added to the scale thrust reading, which gave the followlng equa-
tion for 3ét thrust:

Fy =B+ 1/2 pg Vo2 Cp S + my Vg (1)

Inasmich as the scale-thrust term B of equation (1) was the
major part of the total thrust and could be measured within
£2 pounds, the Jet thrust could be determined accurately at low
test-section velocities. Although varlations in the drag coeffi-
clent accompanying a change in inlet-veloclty ratios could not be
determined, an exrror of as much as 50 percent in the drag coeffi-
cient would result in less than a l-percent error in thrust at
test-section elrspeeds below 100 feet per second.
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For test-section. alrspeeds of 100 miles per hour or more, the
Jet thrust was determined by using the mess asilr flow measured at
the cowl inlet, the fuel consumption, and the Jet velocity at the
vena contracta in the following equation:

Calculating the jJet thrust with these two methods for the static
tests gave a calibration factor that could be applied to equation (2).
The value of the calibration factor, which is the ratio of measured
scale thrust to calculated tall-pipe thrust, was found to be 1.0i5.
By expansion of equation (2) and applicetion of this factor to 1t,
the following expression used to calculate the jet thrust for all of
the tests except the static tests was obtained::

71-1
e\ /3
Fj = 1.015 mg ZchP;J tJ 55 -1

T™e net thrust was then determined by subtracting the free-
strean momentum of the inlet alr for the Jet thrust:

Fn=FJ-mB_VO

The net thrust horsepower was determined from the net thrust
and the true airspeed by the expression
Fa Vo
thp = “550
The windmilling drag of the engine was determined from the

product of the mass alr flow and the change in velocity of the air
that pesses through the engine by use of the equation

D, = my (Vo - V3)
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(al} wWith cowling.

{b) Without cowling

Figure 1. — |nstalleation of 198 turbciet engine in under-
slung nacelle for investigation in altitude wind tunnel.
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Total-pressure ratio across cowl-inlet screen, Py/Pq

NACA RM No.

E8J28b
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Corrected engine speed, N/¥O, rpm

Figure 3.- Relation between total-pressure ratio across cowl-inlet
screen and corrected engine speed for range of simulated

altitudes and flight speeds.
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{(a) Relation between jet thrust and engine speed,

Figure 4,- Effect of altitude on performance characteristics of
19B-8 turbojet engine., Tail-plpe-nozzle area, 135 square
{nches; free-stream ram—pressure ratio, 1.013,
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Net thrust, F,, 1b

NACA RM No. E8J28b
‘
Simulated
altitude
(re)
o 5,000
o 15,000
¢ 25,000
1000
800 -
.-//
600 8!
// )#F
r)’ 7
e Cf/
A
200 /sj/
‘/
=
o
6,000 8,000 10,000 12,000 14,000 16,000 18,000

Plgure 4.~ Continued.,
istics of 19B-8 turbojet engine.
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(b) Relation between net thrust and engine speed.

Effect of altitude on performance character-
Tail-pipe-nozzle area, 135

square inches; free-—stream ram-pressure ratio, 1,013,
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Plgure 4.~ Continued, Effect of altitude on performance .character—
1stics of 19B-8 turbojet engine. Tail-pipe-nozzle area, 135
square inches; free-stream ram-pressure ratio, 1.013.
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{4) Relation between air flow and engine speed. "

Pigure 4.~ Continued., Effect of altitude on performance
characterlstles of 19B~8 turbojet engine, Tall-pipe-

nozzle area, 135 square inches; free-stream ram-pressure
ratio, 1,013.
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(e} Relation between specific fuel consumption based on net

thrust and engine speed,

Flgure 4,— Continued, Effect of altitude on performance
characteristies of 16B-8 turbojet engine, Tail-plpe-nozzle
area, 135 square inches; free-stream ram—-pressure ratto,

1. 013.
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Fuel-air ratio, f/a
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(f) Relation between fuel-air ratio and engine speed,

Pigure 4.- Concluded, Effect of altitude on performance character-—
istics of 19B—8 turbojet engine., Tall-pipe-nozzle area, 135 -
square inches; free—stream ram-pressure ratio, 1,013,
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(a) Relation between jet thrust and engine speed.
Figure 5.- Effect of altitude on performance characteristics of

19XB-1 turbojet engine.

Approximately statlic condltlons.
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Fuel consumption, We, 1lb/hr
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Figure 5.- Continued. Effect of altitude on performance character-

istics of 19XB-l turbojet engine.
conditions.

Approximately static
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Plgure 5,.,- Continued, Effect of altitude on performance character-—

istics of 18XB~1 turbojet englne,

Approximately statiec condltions.
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Englne speed;, N, rpm: .

(d) Relation between specific fuel consumption based on jet
thrust and engline speed,

Figure 5.~ Continued. Effect of altitude on performance -
characteristics of 19X¥B-1 turbojet engine, Approximately
static conditions,
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Fuel-air ratio, f/a
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(e) Relatlion between fuel-air ratlio and engine speed,

Pigure 5,— Conecluded, Effect of altitude on performance charac—
teristics of 19¥B-1 turbojet engine. Approximately static
conditions,
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Jet thrust, Fj, 1b
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(a) Relation between jet thrust and engine speed,

Figure 6,- Effect of free-stream ram-pressure ratio on per-
formance characteristies of 19B-8 turbojet engine, Tatl-
ripe-nozzle area, 106 square Inches; simulated altitude,
15,000 feet.
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Figure 6.~ Continued,

Engine speed, N, rpm
(s) Relation between air flow and engine speed.

Effect of free-stream ram~pressure ratio

on performance characteristies of 19B=-8 turbojet engine,

Tail=-pipe-nozzle area, 106 square inches;

15,000 feet,

simulated altitude,
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(d) Relation between fuel consumption and engine speed.

Effect of free-stream ram-—-pressure ratio
on performance characteristicseof 19B-8 turbojet engine,
Tall-pipe-nozzle area, 106 square inches; simulated altitude,

FPigure 6,= Continued,

. 15,000 feet.
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FPigure 6,- Contlnued, Effect of free—stream ram—pressure ratio
on performance characteristics of 19B—-8 turbojet engilne,.
Tall-pipe-nozzle area, 106 square inches; simulated altitude,
15,000 feet.
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Specific fuel consumption based on net thrust horsepower, wr/thp, 1b/thp~hr
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(f) Relation between specific fuel consumption based on net

thrust horsepower and engine speed,
Pigure 6,~ Continued,

Effect of free-stream ram-pressure ratio

on performance characteristics of 19B=8 turbojet engine,
Tail-pipe-nozzle area, 106 square inches; simulated altitude,

15,000 feet.
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Figure 6.—- Continued. Effect of free—stream ram-—pressure ratio
on performance characteristics of 19B~8 turbojet engine,
Tall-plpe-nozzle area, 106 square inches; simulated altlitude,
15,000 feet,
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Fuel=air ratio, £/a
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Figure 6,- Concluded, Effect of free—stream ram-pressure ratio

on performance characteristics of 19B-8 turbojet engine,
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Jet thrust, Fy, 1b

41

‘ﬂ‘nﬁn!ﬁv -
Tail-pipe-
nozzle
area
(sq in.)
(o] 135
(m) 106
1200
B
1000
800 //ﬁ/
/ /
600 //////}y7
"4
0 /// 4///
® ///V
200
0
8,000 10,000 12,000 14,000 16,000 18,000

Engine speed, N, rpm

(a) Relatlon between jet thrust and englne speed.

Figure 7.- Effect of tall-plpe-nozzle area on performance
characterlstics of 19B-8 turboj]et englne. Free-stream ram-

pressure ratio,

1.131; simulated altitude, 10,000 feet.



A2 NACA RM No. E8J28b

i

Tall-plpe—
nozzle
area
(sq in.)
o 135
»] 106
1000
800 o
=
—
« 600
>
[ //— Kpo
Ny /)
;]
i : /
£ 400 i
L -)
Q
=
200 - //
>
0 .
8,000 10,000 12,000 14,000 16,000 18,000

Engine speed, N, rpm
(b) Relation between net thrust and engine speed.

Figure 7.- Continued. Effect of tall-plpe-nozzle area on per-
formance characteristics of 19B-8 turbojJet engline. Free-stream
ram-pressure ratio, 1.131; simulated altitude, 10,000 feet.
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Figure 7.- Continued. Effect of tall-pipe-nozzle area on per-
formance characteristics of 19B-8 turbojet englne. Free-streanm
ram-pressure ratlio, 1.131; silmulated altitude, 10,000 feet.
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(d) Relation between air flow and engine speed.

Figure 7.- Continued. Effect of tall-pipe-nozzle area on per-
formance characteristics of 19B-8 turbojet engine. Free-stream
ram-pressure ratio, 1.131; simulated altitude, 10,000 feet.
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(e) Relation between specific fuel consumption based on net
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Specific fuel consumption based on net thrust horsepower, Wr/thp, 1b/thp-hr
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(f) Relation between specific fuel consumption based on net
thrust horsepower and engine speed.
Pigure 7.- Continued. Effect of tall-pipe-nozzle area on per-

formance characteristics of 19B-8 turbojet engine. Free-stream
simulated altitude,

ram-pressure ratio, 1.131;

10,000 feet.
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Specific fuel consumption based on net thrust, We/F,, 1b/(hr)(1b thrust)
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ram-pressure ratio, 1.131; simulated altitude, 10,000 feet.
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Figure 8.- Effect of altitude on generalized performance charac-
teristics of 19B-8 turbojet engine. Free-stream ram-pressure
ratio, 1,013, Tail-pipe-nozzle area, 135 square inches.
Performance parameters corrected to NACA standard atmospheric
conditions at sea level,
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Figure 8,- Continued., Effect of altitude on generalized per-
formanee characteristics of 19B-~8 turbojet engine, Pree-
stream ram-pressure ratio, 1,013, Taill-~pipe-nozzle area,
135 square inches. Performance parameters corrected to NACA
standard atmospheric conditions at sea level.
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Figure 8.~ Continued, Effect of altitude on generalized per- -

formance characteristics of 19B-8 turbojet engine, Free-~
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135 square inches, Performance parameters corrected to NACA

standard atmospheric conditions at sea level,
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Pigure 8.~ Continued, Effect of altitude on generalized performance
characteristics of 19B-8 turbojet engine. Free—stream ram-pressure
ratio, 1,013. Tall-pipe-nozzle area, 135 square inches, Perform-
ance parameters corrected to NACA standard atmospheric condlitions
at sea level,
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Figure 8,~ Concluded Effect of altitude on generalized per-—
ormance characteristics of 1SB-8 turbojet engine, Free-
Stream ram-pressure ratlo, 1,013, Tall-pipe-nozzle area,
135 square inches, Performance parameters corrected to NACA
standard atmospheric conditions at sea level,
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Figure 9.~ Continued, Effect of altitude on generalized per-
formance characteristics of 19XB-1 turbo jet engine, Static
test conditions, Performance parameters corrected to NACA
standard atmospheric conditions at sea level,
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Pigure 10,- Effect of ram-pressure ratlo on generalized per-
formance characteristics of 19B~8 turbojet engine. Tall-
plpe-nozzle area, 106 square inches; simulated altitude,
15,000 feet. Performance parameters corrected to NACA
standard atmospheric conditions at sea level, .
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Figure 10,- Contlnued. Effect of ram—-pressure ratio on gener-—
alized performance characteristics of 19B-8 turbojet engine,
Tall=pipe-nozzle area, 106 square inches; simulated altitude,
15,000 feet, Performance parameters corrected to NACA
standard atmospheric conditions at sea level.
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Figure 10.- Continued, Effect of ram-pressure ratio on gener~- -
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- Figure 10,- Continued, Bffect of ram—pressure ratioc on gener-
alized performance characteristies of 19B-8 turbojet engine.
Tail-pipe-nozzle area, 106 square Iinches; simulated altitude,
15,000 feet. Performance parameters corrected toc NACA
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Figure 10,—- Continued, Effect of ram-—pressure ratlo on generalized
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Figure 10.- Continued. Effect of ram-pressure ratio on gener-
alized performance characteristics of 19B-8 turbojet engine,
Tall-pipe-nozzle area, 106 square inches; simulated altitude,
15,000 feet. Performance parameters corrected to NACA
standard atmospheric conditions at sea level.
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Flgure 10,- Concluded, Effect of ram—pressure ratlo on gener—
alized performance characteristics of 19B-8 turbojet engine,
Tail-plipe-nozzle area, 106 square inches; simulated altitude,
15,000 feet, Performance parameters corrected to NACA
standard atmospheric conditions at sea level,
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